Abstract
Introduction.
Engineering and Design II (ENGG*2100) is a core engineering course taken by all four program streams (Biological, Engineering Systems and Computing, Environmental and Water Resources) at the University of Guelph. The course is the second in a sequence of four engineering design courses taken by all students. It focuses on principles of engineering design and their practical application. The course has some additional goals: introduce the use of computer aided engineering (CAE) software, strengthen team skills, improve oral communication skills, and provide opportunities for hands-on experience in the machine shop.
Collaboration is explicitly encouraged in several aspects of the course: learning specific skills as well as completing assignments as a team.
The real world of engineering practice and engineering design requires effective team and collaborative skills. Graduates will work within formal teams and continually need to seek help and expertise from others. A collaborative and team learning environment is one means to help students develop these necessary skills.
There are additional driving forces for fostering collaborative learning. Instructional support for the course includes one faculty member, teaching assistants (5 in Fall 2003; 3 returning from Fall 2002 and 2 rookies), and one staff member in the machine shop. Since this is a required course for all four engineering programs, enrollments in each course offering are high (151 in Fall 2003) . Self-directed learning tools and collaborative learning through peers are introduced in this design course to extend instructional resources for students. Furthermore students are not always ready to learn during a lecture or even during a laboratory session. Many students learn best while doing an assignment or project. The most 'teachable' moment is often when the professor or teaching assistants are not around. Thus, bringing teaching resources to them for that moment can make a difference. Their peers are most often around at these moments.
Finally, fostering collaborative learning approaches recognizes that students learn in different ways. Some flourish in a individualistic and competitive environment while others flourish in a more collegial environment. It is recognized that many, but not all, women prefer a collegial environment.
Although there are many worthy reasons to encourage collaborative learning, it is recognised that academic integrity must be preserved. Collaboration cannot cross the line to become academic misconduct. Care has been taken in the design of assignments and in instructions to students to reduce the potential for academic misconduct. In Fall 2003, the authors conducted an assessment of the learning environment in ENGGG*2100 with a specific focus on pedagogical enhancements to support collaborative learning within the CAE component. This paper presents the enhancements and some of the results of this assessment.
Since Fall 2000, the CAE component of ENGG*2100 has been based on the use of I-Deas® software. Each student completes an accurate, three-dimensional version of an engineered part in the software and creates 2-D drawings. For the past two years, each student has been assigned a completely unique and individual part for the CAE task. In Fall 2002, these parts came from eight common household appliances that were destined for the landfill. In Fall 2003, a 1987 Honda Prelude was the source for all of the parts. The first task for the students was complete disassembly leading to unique and individual parts. Disassembly took place in the machine shop in teams of nominally 10 and this added to the hands-on experience for the students. Each student was then assigned an individual part and the team was given an additional challenge to electronically reassemble all of the component parts. Success in this reassembly relied on effective team work from the beginning -clear tracking and documenting of the pull apart process and consistent measuring techniques throughout the team.
Since each student had a unique part, the academic integrity risk associated with encouraging collaboration between students was virtually eliminated. Teaching assistants lead instructions of basic drawing skills, introduction to additional resources, 2-D drawing creation and assembly techniques. Most parts included unique features that required students to discover (with help) how to handle these aspects. Help started with the teaching assistants and electronic tutorials. As students developed skills, they were encouraged to share their expertise in particular drawing techniques with other students.
Collaborative learning was explicitly encouraged through the introduction of a team and class bonus system. The rules for these bonuses were: This meant the students required more help and the teaching assistants required more skills. In recognition of this, a set of electronic learning aids (tutorial set, glossary, checklists) were developed to help students and teaching assistants. These aids augmented tutorials available with the software and recognized second year students are at a different stage in their engineering expertise relative to the professionals that normally use the software. A training workshop, open to all graduate students, was presented in July 2003 followed by more focused training sessions once teaching assistants were selected for the course (last week of August). These sessions used and tested the electronic learning aids. All electronic learning aids were available to the students via WebCT (a web-based course management tool).
Evaluation
An assessment of effectiveness of the approaches used in the course was conducted for the Fall 2003 offering. The assessment included both quantitative and qualitative components. The quantitative assessment involved surveying the students at the beginning and at the end of the course. The surveys were conducted at the end of a regular lecture in the absence of the instructor. Confidentiality was ensured and it was an individual student's choice whether to participate. A copy of the post-course survey is included at the end of this paper. Survey results included gender identification and male and female responses were analysed as separate groups.
The qualitative assessment included 10 hours of direct observations of laboratory sessions and semi-structured interviews with 12 volunteer students in the class. The qualitative assessment was conducted by a graduate student in Sociology and Anthropology.
The effectiveness was also assessed by considering the grades, the number of successful assemblies and the quality of the parts generated.
Observations.
The student numbers and demographics in the Fall 2003 course offering are summarized in Table 1 . Eighty-three percent of the students participated in the pre-course survey and 40% in the post-course survey. The lower participation in the post-course survey reflected, in part, lower attendance in lectures by the end of the semester. Although this reduced the number of female responses, there were post-course responses from 44% of the females in the class. Observations are discussed in the context of students' help seeking behaviour as determined from the surveys and interviews as well as their performance with the CAE task.
Help seeking
Help-seeking behaviour and the helping atmosphere were assessed both quantitatively and qualitatively.
Using a 5-point agreement scale, students' opinions were examined as to how likely they would be to seek help with their course work from formal sources (teaching assistants and the professor). Ratings for these most formal sources of help were low at both pre-test and post-test. Contrary to expectations there was also a small but significant decrease in the level of agreement that students would ask a teaching assistant for help. There were no gender differences on these measures. This low rating is disappointing but potentially not surprising. It likely reflects accessibility outside of scheduled laboratory times and some shortcomings in training the teaching assistants and the professor.
Students willingness to seek help from a student that they did not know was examined. On a 5-point agreement scale, there was a significant increase between the pre-and post-course assessments ( mean pre = 2.6 vs. mean post = 3.0). Student interviews confirmed this data. A couple of student comments were:
We help each other. I would ask anyone who was around. I feel like everyone is willing to help. We're all in the same boat.
It's too much to learn alone. I couldn't do it without my friends. It's a team effort on everything.
Assessment of "help attitudes" focussed on opinions of help behaviour more generally. For example, students were asked to rate their agreement with statements about help-giving ("I'd be happy to help another student…"), appraisal of help-seekers ("when students ask for help it reflects poorly on them"), and other general opinions ("students should work independently…").
A repeated measures ANOVA revealed an interaction effect between gender and time of testing. More specifically, females' help attitudes were equivalent to males' attitudes at pre-course, but became more positive at post-course. Conversely, males became more negative. This pattern can be seen in Table 2 . It is important to point out that overall, both males' and females' help attitudes were quite positive at the beginning and end of the course. Of interest here is that positive helping attitudes increased in females and decreased in males, creating a significant gender difference by the end of the course.
A positive "help atmosphere" is necessary to encourage interactional learning. Since it is "what actually occurs" in the course, it can not be evaluated at the beginning of the course (i.e. there is no baseline). The post-course survey included a 3-item, 5-point agreement scale that asked students questions to assess overall perception of the "help atmosphere" and Table 3 provides the item means. It was clear that an atmosphere of helping was perceived by students in the course during Fall 2003.
The last question under "helping atmosphere" was particularly important since the competent use of the CAE software was an important part of the course and was seen as a potential site of gender differences.
Clearly females felt comfortable seeking help around this course component and the mean difference between males and females approached significance (p = .053).
These findings could reflect general gender differences in preferred learning styles and potential impacts of the course enhancement.
While females may have appreciated greater interactional learning, course enhancements that emphasized collaboration may have, on average, been inconsistent with the more competitive nature of male students.
Student Performance
The students' performance in terms of developing advanced CAE skills has progressed markedly over the four years that I-Deas® software has been used in the course. The students' confidence in their ability has grown in tandem with their capabilities. This is most evident in the comparison of the number of teams that attempted and succeeded with the assembly in One of the benefits of encouraging the assembly is that provides immediate and tangible feedback to the students. Success is evident when everything fits together. Students directly experience that systems must fit together and they are thrilled when the success of their efforts are visually evident.
Female students were at least equally successful in completion of the CAE task as illustrated by their average grade (Table 5 ). CAE task is worth 20% of the grade in the course and it is evident that the grades are high. This is the result of the bonus system that permits a student to get as high as 30 on this component of the course.
The award of the bonuses for the CAE task confirmed that the females were at least as equally skilled as their male counterparts and that their peers recognized this skill. Table 6 shows that females (29% of class) were awarded 39% of the 36 team and class player bonuses in Fall 2003. In Fall 2002, females were awarded these bonuses consistent with their numbers in the class.
Table 5 also indicates that the females in the class continue to be less confident. The post-course survey of their computer self-efficacy still left them less confident then their male counterparts.
Summary
This work represents the beginning of our efforts to assess the effectiveness of our educational approaches particularly in the context of design and computers in design. Gender implications of the approaches is an important component of these assessments.
Future work includes greater analysis of our initial data, similar assessments of ENGG*2100 in future years, assessment of the same group of students in future years and inclusion of additional courses.
The CAE theme is continued with Material Science introducing finite element analysis capabilities in the context of solid mechanics.
Fluid Mechanics introducing computational fluid dynamics. CAE usage continues in varying ways in third and fourth year with a number of students taking advantage of its capabilities to complete their capstone design project.
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